NASA TECHNICAL TRANSLATION NASA TT F-15,174

ON THE RELTABILITY OF RESULTS FROM THE TOWER TEST
FOR FREE FLIGHT TESTS

H. Gérlich
PLoOLTS FROM THE TOWER TEST FOR Fons 178=11827

Unclas
63/02 22752

Translation of "{ber die Verlisslichkeit von Ergebnissen
aus dem Dornversuch fir Freiflugversuche," Report on the
Third Meeting of the DGLR-Symposium, Flight Testing
Technology: Reliability of Results Derived from Simulation

o in Comparison with Results of Actual Flight.
T (Meeting held at Bremen 28 April 1972)
N73-19005 through N73-19011., Deutsche Gegellschaft flir
Luft- und Raumfahrt (W. Ger.) -- DLR-Mitt-72-18;
dated Qctober 1972, pp. 79-92

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
WASHINGTON, D.C. 20546 NOVEMBER 1973



snumno_'lm.s PAGE

1. Repart Ne, 2. Geveramant Accesslon Ne, 1 3. Reciprient’s Cotelog Mo,
NASA TT F-158,170
4. Titte and Subtitle 3. Reperdt Dote
ON THE RELIABILITY OF RESULTS  -FROM THE ‘INovember 1973
TOWER TEST FOR FREE FLIGHT TESTS G-PnhmhoOmwuuwncu-
7. Avthorls) . ' . . 8. Parlorming Orgeniswtion Repert Ne,
H. Gérlich : e ' e :
VFW - Fokker GmbH, Bremen . 19, Weork Unit Ne.
o : - M . - — . H, Conlnﬂ uécnm Ke.
'.LPnlqu?rag Ot.ullﬁﬂm ““:‘I_. .'E‘ l“ng 0. B 5187 NASwW .
eo Kanner Associates, ox
Redwood City, Califormia 94063 ’ 1. Trpe of Repers and Posied Covered
) Translation
| A N ond A
e RN TS AND SPACE ADMINTSS -« |-
TRATION, WASHINGTON, D.C. 20546 L 14. Spensering "mr Code

15, Sepplomentory Notes Trapslation of MUber die Verldsslichkeit wvon Ergeb-
nissen aus demJsDornversuch fur Freiflugversuche Y Reptrt on the
Third Meeting of the DGLR-Symposium, Flight Testing TechnQlogy:
Reliability of Results Derived from Simulation in Comparison

with Results of Actual Flight. (Meeting held at. Bremen 28 April
1972). N73-19005 through N73-19011. . Deutsche.Gesellschaft fur . |

Luft—and. Raumfahrt (W. Ger.) —- DLR-Mitt-P2- 18 dated Octqber *
1972, pnpp,. 7002 .
16, Abatras?

The determination of aerodynamic character;stigs of aircraft _
while mounted on: & flxed col mn is' discussed. The constru&tlon
of the. test. equlpment ‘to measure pltchlng and|rolling moments

is ~described. The advantagee of uging -such a. method-as a’
complement to fl;ght tests are outlined. Spe¢1fic examples of -
tegts conducted and:-the” results obtalned durlng capt1Ve tests
are analyzed. B ; B S Uy

EEIN PR ¥
L R _
P . DR 4

- .
. , ‘
H 1
1

4 Lo

[ 17, Koy Waede (Setacted by Author(y) 10, Diswibution Steisment

Unclassifiled - Unlimited '

1%, Securdty Clntll. ot ﬂul‘ sapest) Iﬂl. Secority Classil (of this pegs) | 2% No, of Pages | 12 Price L
Unclassifled Unclassified. o /0 2.0

o]



ON THE RELIABILITY OF RESULTS FROM THE TOWER TEST
FOR FREE FLIGHT TESTS
H. Gdrlich
VEW - Fokker GmbH, Bremen

Prior to the beginning of free flight tests of VTOL agir-
craft SG 1262 and VAK 191 B mooring towers were used for
preparatory tests under conditions as close as possible to
operational ones. The aircraft remalned moored to the ground.

The use of such mooring towers or pylons of necessity
resulted in a limitation of freedom of movement. In the case of
the testing of the SG 1262 and the VAK 191 B, the mooring tower
permitted movement about the center of gravity only with a
limited angular range. For the SG 1262, a hydraulically
retractable column with ball and socket joint was chosen; the
point of support was approximately at the center of gravity.

In the case ofithe VAK 191 B, such a mooring to the ground was
not pessible. In its place, a tfapezoidal kinematic design
was used that also permitted movement about the center of
gravity (Filg. 1).

Limitation of pitch and roll movements was obtained by
means of mooring cables with built-in shock absorbers. Move—
ments about the vertical axis were not limited.

The utilizatlion of mooring towers resulted from the
requirement:

l. To test the coordination of all systems under con-
ditions as real as possible with power plants operating
and with the risk confined to a minimum.

*Numbers in the margin indicate pagination in the foreign text.
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2. To test the stability and controlability about the
longitudinal, transverse and vertical axis.

In the following, we will discuss the problems that result /80
from an evaluation of stability, the dynamics of thansient
processes and of controlability.

When using the results from the tower tests for an attempt
to give information regarding the behavior in free flight, the
fact must be taken into account that partly conslderable differ-
ences exist between the conditions at the tower and in free
fiight. This results in limitations with respect to the trans-
ferabllity of findings.

For the evaluation of results from tower tests, special
attention must be paid to the following points:

Tower Effects

'In order to avoid recirculation and to create freedom of
movement, the tower must 1ift the airecraft as high as possible
above the platform. Due to its geometric shape, it possesses
a certain 1ife of its own in the form of elastic deformations
with definite characteristic frequencies. In addition, there
are friction forces that can change considerably, depending on
the position of the aircraft.

Recirculation

Blast deflectons were erected in order to avoid recircula-
tion effects, but they are effective only with an optimal design.
In the case of the VAK, the blast deflectors were sealed once
more with steel plates, which considerably cut down on the
recirculation and blast effects.



Lacking Wind Effect 81

It was not possible to study the effect of aerodynamic
moments on the phenomena of motion at the tower; the jet-induced
forces and moments can also be different at the tower. Even
the SG 1262, a tubular structure stabilized for attitude and
equipped with five 1ift englnes proved during free flight to
be extremely wind-sensitive during yawlng in spite of lacking
aerodynamic features. It was not possible to study these
effects at the tower.

Unrealistic Thrust Adjustment

The only result of adjJusting to a constant thrust is that
it will only approximate the weight of the aircraft, because the
welght constantly decreases by way of fuel consumption. In
free hovering flight, the ratio of thrust/weight = 1 is con-
stantly maintained.

These points essentially form the reason for differences
between the possible deviations of results from tower tests and
free flight. What is the order of magnitude of these differences?

For this we will use the example of the longitudinal con-
trol attitude of the SG 1262 during Jump signals (Fig. 2). To
this end, the translent time and the amount of overtravel were
specified, resulting in the followlng:

tgg = 1.4 sec, slight overtravel of .5°

The pitech control attitude of the SG 1262 in free flight
is given 1n Fig. 3 for comparison.

There are only slight differences to be discerned in an
accurate comparison of transient dynamics with the results from



the tower tests. From this example, the fact could be deduced
that the effect of greater wind velocities on dynamlies is
negligible,

~
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A comparison of roll control behavior at the tower and in
free flight results in a slightly different picture. The time

|

response at the mooring tower, as depicted in Fig. 4 for jump
signals, could also be detected with relatively small deviations
in stationary hovering flight, i.e., with an absolute minimum of
wind activity. A totally different behavior could be observed,
however, during airflow coming from the side (Fig. 5). In this
diagram, the roll control behavior in the case of Jump slgnals
at lateral components of velocity of approximately 35 km is
plotted. It can be gathered from this that overtravel, which
was negligibly small at the tower on account of small wind
velocities, could attain unduly high values in free flight.

The ensuing danger of PIQ had to be checked by means of
reducing the flight range. For this reason, the connection
between wind velocity and induced disturbing moment was first
established. Due to the fact that the effect of disturbing
moments on the alrcraff causes a corresponding reaction at the
control, the disturbances could be measured at the aperture
angle of the control nozzles. In this manner, the connection as
plotted 1n Fig. 6 was established. Many free flights were,
however, required for this purpose, since each test resulted in
only a few measuring points. The measuring points are scattered
due to the different thrust adjustments in each case, on which
in turn the maximum bleed control moments depended.

The disturbing moment, determined as a function of the
side wind, was caused by the intake impulses of the vertically
mounted power plants. Due to the fact that wind velocities of
this kind did not occur at the tower, the attendant disturbing
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effects could not be studied. Only when the results from free
flight tests were available could they be used for the evalua-
tion and fixing of the flight range.

Another effect that could not be studied at the tower was /83
the influence of the increasing amount of ailr flow on the trend
of the angle of bank. By using a PD control, the effect of an
external disturbing moment indicates a reduction of the angular
positidh signal; for the same reason, subsequent to a reversed

angular position, an angle, increased at first, is occupied.

The examples noted have demonstrated that especially the
roll control behavior in free flight can furnish results quite
different from those at the mooring tower. Whereas in the case
of the SG tests it could be determined that the time response,
at least in still air, during free flight and at the tower was
nearly ildentical, this could no longer be determined in the case
of the VAK tests.

In Fig. 7 the pitch control attitude of the VAK 191 B is
shown, as established at the tower for jump signals.

Here, it ié clearly evident that even for identical control
slgnal amplitudes, different transient processes occeur, the
causes of which can not be clearly discerned. The fact that the
effects in the roll control behavior of the VAK were similar
finally resulted in the tower only being used for tests of the
control system, with the tests mainly limited to a checking of
signs. Thus, the qualitative evaluation of system behavior is
only possible in free flight tests.

In addition to the noted test, the mooring tower is, for
instance, also suited to the following problems:



Control sensitivity and its calibration.

Preliminary tests regarding the controlability of the
emergency control In case of a falled contrcller, as well

as reversal effects,

Especially for the last point, the mooring tower offers
important advantages over free flight tests, because here the
safety of man and machine is of primary importance. On the
other hand, there are problems for which the mooring tower is
only sultable to a limited extent or not at all, as for
instance for effects of breakdowns of the control and steering
system or elevator contralability.

However, as has been shown by the example of stability
and controlability, the fact must be taken into account for an
evaluation of results that in most cases several disturbances
will overlap. At the tower they encounter partly different
causes than in free flight. Agreement throughout was effected
by means of a rather good knowledge of these conditions. For
the most part, however, coming to grips with these disturbances
offers great difficulties. In addition, the possibilities of
studying certain problems at the tower are limited.

Summarx

Using several examples from tests of the hovering frame
SG 1262 and the VAK 191 B, it is shown to what extent agreement
can be attalned with comparable results from tower and free
flight testing. It is shown that the transient behavior at the
tower 1s differently affected by different disturbance effects,
the understanding of which would cause partly excessive effort.
Additionally, as the freedom of movement 1s also iimited, the
evaluation of stability and controlability by tower testing
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is greatly limlted. . On the other hand, the tower offers great
advantages for studies where the safety of man and machine is

paramount.

Summary Outline of Diagrams

Fig. 1. Mooring tower VAK 191 B

Fig. 2. Time response at the mooring
pitch control signals

Fig. 3. Time response in free flight
control signals

Fig. 4. Time response at the mooring
roll control signals

Fig. 5. Time response in free flight
control signals with greater
velocity

tower of 3G 1262 for jump

of 8G 1262 for jump piltch

tower of SG 1262 for jump

of SG 1262 for jump roll
lateral component of

Fig. 6. Roll disturbing moment as a function of side wind
activity, measured at aperture angle of control nozzle

Fig. 7. Time response at mooring tower of VAK 191 B for Jump

pltch signals



Fig. 1. Mooring tower VAK 191 B
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Fig. 2. Time response at the mooring tower of SG 1262
for jump pitch control signals.
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Fig. 4. Time response at the mooring tower of SG 1262
for jump roll control signals.
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Fig. 6. Roll disturbing moment as a function of side wind activity,
measured at aperture angle of control nozzle.
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Fig. 7. Time response at mooring tower of VAK 191 B for jump pitch
signals.
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